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HEARING BLOCKS: A SYNESTHETIC SPATIAL SYSTEM PROPOSAL 
FOR CHILDREN 
SUMMARY 
Children have more imaginative power than adults. They are able to transform 
objects and create related narrations in their daily expressions. When they match 
their cognitive and individual views, they interpret daily objects according to their 
own fiction. They see daily objects differently in their symbolic viewpoint rather 
than in their real function; therefore it is easy for them to transform functions.  
It is already known that children are active builders of their own mediums. Yet 
current technologies offer confined spaces that children cannot actively participate 
in. Even if these spaces have easy accessibility, they are mostly inadequate for 
interacting due to their definite purpose. Screen-based devices are commonly used 
for supporting children’s active participation in educational environments but do not 
provide bodily or spatial experience. The tactile relationship is essential for children 
to understand the object and its permanency and to be aware of their environment. 
The thesis proposes a DIY (Do-It-Yourself) system that children can explore, imitate 
and through which learn. The system is for learning by doing in a multi-sensory 
environment where children are able to create their own rules and develop learning 
methods. As in synesthesia, the ability to perceive simultaneously two senses 
together, the proposed setup is devised to imitate the union of different senses and 
provides the user feedbacks in the interaction. 
The setup basically consists of blocks and an embedded interactive system with 
which children synchronously can create formal and musical combinations. The 
block size are thought in sizes that 8-10 years old children can easily grasp and the 
interactive system is able to fit in. Each block is described with a unique musical 
note that activates by touching the block. 
The experiments with blocks are conducted in the virtual environment to make 
further predictions. The process and the final products are modeled in the three-
dimensional modeling program to examine which situations are created. Different 
formal situations and musical responses are investigated by adding, removing or 
repeating blocks. Therefore, both visual and audial feedbacks are considered 
constructive that enhance children’s cognitive abilities. 
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BLOKLARI İŞİTMEK: ÇOCUKLAR İÇİN SİNESTETİK MEKANSAL 
SİSTEM ÖNERİSİ 
ÖZET 
Bir çocuğun hayal gücü yetişkinlerinkinden çok daha güçlüdür. Günlük eylemlerinde 
objeleri dönüştürüp öykülendirirler. Kendi bilişsel yetenekleri ve kişisel bakış açıları, 
günlük objeleri kendi kurguları doğrultusunda yorumlamalarını sağlar. Çocuklar 
objelere gerçek fonksiyonlarından farklı sembolik anlamlar yüklerler ve böylelikle 
nesnelerin fonksiyonlarını da dönüştürmüş olurlar. 
Çocuklar halihazırda kendi araçlarının ve çevrelerinin aktif yaratıcılarıyken, 
günümüzde teknoloji bedensel olarak aktif katılamadıkları kısıtlı alanlar sunar. Kolay 
ulaşılabilir olsalar dahi, çoğunlukla belirgin amaçlarından dolayı etkileşim için 
yetersiz görülebilirler. Çocukların bedensel ve mekansal olarak 
deneyimleyemedikleri ekran tabanlı teknolojik sistemlerin, eğitsel çevrelerine 
katılımlarını desteklemek üzere yaygın olarak tercih edildiği görülür. Bu noktada, 
dokunsal arayüzlü üç boyutlu bir ilişkinin çocukları nesnelerle kalıcı ilişkinin 
kurulup çevresinin farkında olabilmesi için önemli olduğu öngörülmektedir.  
Çocukların kendi oyun alanlarını kurmalarına imkan tanınmasıyla, yaparak ve 
keşfederek öğrenmeleri için zemin hazırlanmış olur. Aracın çocuğun etkileşimli 
sisteme erişiminin ve sistemi kavramasının kolay olacağı şekilde tasarlanması önemli 
bir husustur. Bu noktada, DIY teknolojilerinin bir aracı olarak gelişimi ve etkileşimli 
sistem geliştirilmesine yönelik tasarlanmasıyla çocukların yeni deneyimlere açık 
olmaları ve etkin bir öğrenme biçimi edinmeleri söz konusudur. Tez kapsamında, 
DIY (Do-It-Yourself/ Kendi Başına Yap) teknolojisi kullanılarak çocukların çok 
algılı bir ortamda keşfederek, uyarlayarak ve yaparak öğrenebilecekleri bir ortam 
sağlanması amaç edinilmiştir. Böylelikle çocukların kendi kurallarını koyup kendi 
öğrenme metotlarını geliştirebilecekleri bir sistem tasarımı hedeflenmiştir.  
Farklı duyuları eş zamanlı tetikleyen etkileşimli sistemin geliştirilmesi ele 
alındığında, sistemin çocukların nesneleri ve çevresini yorumlamalarını olumlu 
yönde etkileyebileceği öngörülmektedir. Sinestezideki farklı duyuların eş zamanlı 
uyarılması baz alınarak çocukların yaratıcılıklarının ve yorum yeteneklerinin 
geliştirilmesi esas alınmıştır. Bu doğrultuda önerilen kurulum, farklı duyuların 
birleşimini taklit eden ve kullanıcı geri bildirimini sağlayan interaktif bir sistem 
olarak tasarlanmıştır. 
Kurulum, Froebel bloklarından esinlenilerek tasarlanmış bloklar ve blokların içlerine 
yerleştirilmiş etkileşimli sistemlerden oluşur. Bloklar 8-10 yaşında bir çocuğun eliyle 
kavrayabileceği büyüklükte ve etkileşimli sistemin içine yerleştirilebileceği 
ölçülerde, ahşap malzemeden tasarlanmıştır. Sistemin taşınabilir setler halinde 
üretilmesi öngörülmüştür. Böylece sistemin mekansal olarak kullanımında farklı 
alternatifler sunulup öğrenmenin yaygınlaşması ve mekansal olarak kolay 
ulaşılabilirliği sağlanmış olacaktır.  
xx 
 
Dokunma, öğrenmede etkin bir duyu olarak çocukların objelere dokunmayla 
etkileşiminde, objeyi tanımlamalarında ve süreci hafızalarına almalarında aktif rol 
oynar. Tasarlanan bloklar farklı geometrik biçimler olarak düşünülmüş olup, 
blokların içindeki interaktif sistem dijital arayüzde programlanarak her birine farklı 
notalar atanmıştır. Çocukların farklı biçimsel ve müzikal kombinasyonlar 
oluşturabilmeleri için kurgulanan her bir bloğa atanmış olan notalar bloklara 
dokunmayla aktif hale gelmektedir. Bloklarla temasa geçildiğinde ortaya çıkan 
sesler, bloklar için oluşturulan platformun içindeki sistem tarafından 
kaydedilmektedir. Kaydedilen ses tekrar dinlenebilir olup böylelikle sürecin işitsel 
geri bildiriminin sağlanması planlanmıştır. 
Bloklarla yapılan deneyler, öngörüler kazanma amacıyla sanal ortamda 
yürütülmüştür. Farklı durumları irdelemek için süreç ve sonuç ürünler üç boyutlu 
modelleme programıyla sanal ortamda modellenmiştir. Blokların eklenmesi ya da 
çıkarılmasıyla oluşan farklı biçimler ve biçimsel durumların karşılığı olan müzikal 
çıktılar incelenmiştir. 
Önerilen sistemde geri bildirimlerin çocukların bilişsel yeteneklerini geliştirmesi için 
yapıcı olacağı öngörülmektedir. El-zihin kordinasyonunu kullanarak eş zamanlı 
müzikal etkileşimi sağlayan sistemin çocukların işitsel algılarının ve müzikal 
yetilerinin gelişmesinde etkili olması beklenmektedir. Görsel ve işitsel yetilerini 
kullanmaları çocukların duyudevinimsel gelişimleri açısından önemli olduğu 
düşünülmektedir. 
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1.  INTRODUCTION 
Children have the ability to create their own tools and playscape in their daily life. In 
her “Tools for Constructive Learning: Rethinking Interactivity”, Ackermann (1993) 
states that children are active builders of their environment as world makers. 
Children’s relationships with daily objects as their tools promote understanding of 
children’s natural environment and creating their playground on their own. On the 
other hand, providing new tools pushes children to think in new directions. Criterias 
on designing new tools for children might be specified to motivate children in a 
specific context without any restriction on their vivid imagination. 
“Low threshold” and “high ceiling” definitions for tool design (Myers et al., 2010) 
are utilized in this study. The “low threshold” means easy accessibility and 
adaptability without the difficulty of tools, while the “high ceiling” represents the 
performance and the supportability of the creative thinking via tools. Addition to 
these, a definition for “wide walls” is introduced to emphasize that tools should give 
the opportunity to broadly explore (Resnick et al., 2005). 
When viewed within the context of these three definitions, current technologies 
restrict the development of children’s cognitive and spatial abilities. Technological 
tools are often screen based and offer non-physical connection rather than bodiliy 
pariticipation. To remedy this restriction, the thesis explores multiple sensations and 
offers easy access to children through system supported by DIY technologies that are 
designed in order to build children’s own medium in a defined context and to create 
their own playscape. 
The study frames different notions of learning, play and sensation. The learning is 
placed as a general look at how it is possible to effectively improve children’s 
learning abilities. Hereby, play is supposed as the most influential medium for 
learning. The relationship with objects in a play forms the activity as didactic as 
touching comes to the fore in recognition and memorization. 
According to this, inventing new tools enables children to tangibly project their 
visual representations and imagine without any restrictions or pre-defined rules. By 
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providing such grounds, children develop symbolic thinking and synchronously 
benefit constructive and creative perspectives to their imagination. However, 
interaction with objects in play provides feedbacks to children during the activity 
where a trial-error mechanism supports the active learning process. 
Considering these, a system is proposed and designed as a movable DIY kit to spread 
the approach and learning activity where no certain place for learning is specified 
(Ackermann, 2012). Synesthesia is considered as the basic principle of the DIY 
system to develop a sensory environment for children and is also considered to 
incubate the creative process in the physical environment. 
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Children as active learners define goals and try to reach them while mediating the 
play with objects as their tools. Children enhance techniques “doing as if” and 
“playing what if” to balance the trial-error process (Ackermann, 2004). With these 
techniques, children imitate as if objects are a figment of children’s imagination and 
play what if they behave differently to discover the next step. Hereby, the pretense 
play is triggered that enhances their intuitive knowledge.  
2.1.2 Learning Everywhere  
There might be no certain place for children as they begin to play, especially when 
they find the way to learn things in their natural environment. Their imaginary world 
is open to think freely and experience without any pre-defined rules in their natural 
environment. Physician and educator Maria Montessori, conducts experiments with 
children that they are able to act freely in a self-controlled environment. Montessori 
(1992) argues that when the chance of correcting and controlling children’s own 
mistakes is given to children, a didactical environment is already provided without 
any need of observations from outside. In the proposed system, creating such 
atmosphere for children is aimed to give them freedom in a framework. 
According to Ackermann (2012), “the edgeless school” broadens the scope of being 
educated. However, she argues how it might be possible to go beyond educating in 
certain educational places and adds the current technology factor to it. Moreover, she 
reminds that ‘the edgeless’ does not mean the ‘formless’ to emphasize the 
significance of defining context. In terms of giving form to the activity, the proposed 
system is considered as movable kit to make the activity independent from a certain 
place. In the study, the independence is provided with current technology, therefore, 
children can adapt in any place with the proposed tool. However, the designed 
system alone carries the potential to spatially transform the children’s environment. 
Figural compositions that children make with designed blocks set different spatial 
characteristics. Therefore, the system is supposed to carry these spatial properties 
within wherever it is installed.  
As a related issue, portable DIY kits are considered as proper systems for children 
that are already assigned as makers of their own environment. DIY kits are 
transportable and easy accessible, therefore, learning is not only obligated in 
educational institutions but also provided as continuous and open version.  
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2.1.3 Hands On: DIY Systems  
Children are makers of their own world and have the ability to craft their own tools 
to establish themselves as individuals in children’s environment. While providing a 
base to adapt children to the activity, it is essential to support with instructions in 
order to frame the process as didactic. At this point, DIY systems are developed for 
children to build the system on their own within the context of instructions. 
2.1.3.1 Manual to Digital 
In Communities of Practice Learning (2012), the educational theorist Étienne 
Wenger emphasizes that the nature of the activity changes according to tools. 
Diverse tools for children mediate the activity as children can adapt to different 
environments.  
In the history of children’s play, the 19th century is considered initiative with manual 
examples of DIY mediums for children. In this era, books are published that guide 
children manually make their own toys (Fass, 2004). These books are considered as 
recreational activities for children’s leisure hours while also provide learning by 
doing. For instance, “the Boy’s Own Toy-Maker: A Practical Illustrated Guide to the 
Useful Employment of Leisure Hours” by Ebenezer Landells, published in 1866, 
includes several instructions that guide children to how to make toys such as kites or 
hats on their own (Figure 2.3). The proposed system is influenced with such manual 
mediums that children can learn by doing that enhance children’s creative abilities. 
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2.2 CHILDREN AS DREAMERS 
Play is a mediator activity in which children are able to create their own playscape. 
In play, any object has a potential to be transformed by children’s vivid imagination 
as visual representation of their mental imagery. Children’s pre-known behaviors 
emerge as the imitation and objects are thought as mediums to trigger pretense play. 
2.2.1 Symbolic Meaning in Play 
Play first emerges in the verbal negotiation with the shared knowledge of the adults 
in play (Fass, 2004). In the object-children relationship, children rearrange functions 
of objects and give symbolic meanings to them during the play. Therefore, play 
paves the way for them to link the reality to the imitation with the transposition of 
the symbol. As children start their imaginative play, no limitations or pre-defined 
rules appear in their symbolic view (Piaget, 1962). 
A chair as an example is possible to be transformed into another function rather than 
real function of the chair in children’s own imagination (Kay, Karakaş, Özkar, 2015). 
Children may transform its concave-enclosed structure into their habitat to spare 
themselves a private place and they construct their own imaginary walls or roof of 
the house (Figure 2.6). According to Swiss psychologist Jean Piaget (1962), in such 
symbolic schemas that explain transformability of the objects in the play, the chair 
(the present object) is defined as “signifier”, which symbolically “signified” the 
absent object as a house for children. Hereby, the symbol depends on the 
resemblance of this two. 
Children’s imaginative power of imitating objects considered as a potential benefit 
for the proposed system too. Therefore, children are expected to develop diversity in 
combinations with blocks by using the potential. 
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and ”perceptual/symbolic modalities”. The last one, “perceptual/symbolic 
modalities”, are explained best through VR (Virtual Reality) technologies, where 
senses attend to the activity, and have the critical in any interaction. 
2.3 CHILDREN AS PERFORMERS 
Human body establishes a constant connection with the external world through 
senses. Data in a variety of details is received by the senses from the external world 
while a continuous flow of information is provided to the brain. Therefore, objects 
are experienced through the senses and environmental data is possible to be 
interpreted. 
2.3.1 Synesthesia 
Synesthesia is defined as union of senses that one sense stimulates automatically the 
other sense in mind. Therefore, mentally evocation occurs in different sensory 
domains (Evers, 2011). For instance, a synesthete might see colors in letters or 
believe to be hearing colours that commonly appear as the union of dual senses. 
In the example of the creative process of artists such as Kandinsky, the positive 
effect of synesthesia has been argued in several sources, even though that might not 
be asserted for every human being. Based on Kandinsky, for example, synesthesia 
has been argued to explain the relationship between art and sensations (Iona and 
Tyler, 2003) (Figure 2.7). It is possible to assert that creativity might be influenced 
with synesthesia, at the point, where association provides the continuous connection 
between senses. 
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senses as touch, vision and audition commit with designed blocks to provide multi 
sensory environment.   
2.3.2 Education of Senses  
As Ackermann emphasizes that the ‘edgeless’ does not imply formlessness, physicist 
Édouard Séguin’s method forms a frame in recognizing objects and makes children 
examine activity through objects. In education of senses, Séguin asserts three periods 
in recognition of objects, which are defined as: 
. Associating a sensory period with a specific name 
. Recognizing object with this name 
. Recalling the name and recognizing the object (Montessori, 1909). 
By doing so, different senses are evoked and memorizing gets easier on recognizing 
objects with another accompanier sense. In the proposed sytem, evocation reflects as 
defining each block with a specific sound. Therefore, blocks can be recognized with 
multiple senses. 
Montessori, in her experiments with children, uses different geometric sets to 
examine how children approach objects with the visual-tactile and muscular 
perception (1909). She defines three different cards, which have different 
characteristics in their contours and fillings (Figure 2.8). In the second set, which 
contours of geometries are more certain than the first examined ones, she observes 
that the child first follows the contours with his finger as the movement is guided by 
his eyes. In the later step, the child remembers the movement and the geometry and 
therefore is able to switch form concrete to abstract. By preparing such grounds to 
children, their sensibility is aimed to enhance in the direction of intellectuality that 
prepares them to be individuals in their natural environment. 
Referencing to Montesorri’s experiment, in the proposed system too, contours of 
geometric blocks are considered to activate system by touching and to recognize the 
geometry of the blocks with the corresponded sound.  
Figure 2.8
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Figure 3.13 : Sensory input-output, (by the author). 
Various libraries defined in Arduino IDE give the opportunity to use different 
sensors with the board. However, through these libraries placed in Arduino IDE and 
the other open source libraries on websites give the opportunity to understand the 
logic of the different codes and make combinations to create unique projects as 
desired.  
The conductive sensor method completes the circuit by touching. As touch is an 
effective mediator of learning, this method is appropriate for the written code 
process. Capacitive sensor method in Arduino IDE is already defined that is called 
from the library of Arduino. The code in the project is based on this method. The 
basic description of the algorithm is: first define which pin is for conductive material 
and which pin is for the speaker as an output mediator; then if the threshold value is 
smaller than the sensor value, play the determinated tone and delay in the given 
value. (Figure 3.14) 
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Figure 3.14 : The Algorithm used in Arduino IDE, (by the author). 
3.2.3 Budget of the System 
Material and technology of the proposed system are preferred considering low 
budget in terms of accessibility and spreading the system in a wider area. Blocks and 
the platform are made of plywood. The no value added cost of material and the laser 
cutting process is 150 TL (for custom production). Each block has an Arduino circuit 
which includes an Arduino UNO, a speaker, a battery and connecting cables. The 
board system approximately costs 74 TL (no value added). 
The proposed DIY system is designed to fit into the dimension of 60 x 55 x 12 cm 
boxes as it is shown in Figure 3.15. The kit includes platform and 9 blocks. The cost 
of the kit is 890 TL (no value added). Total price is calculated for a custom 
 26
production, but when the serial production is the issue the price will probably be 
reduced. 
 
Figure 3.15 : Dimensions of the proposed kit, (by the author). 
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4.  EXPERIMENTS WITH BLOCKS 
4.1 The Audial and The Visual Relationship 
In Table 1.1, blocks are compared with each other with regard to their chromatic and 
volumetric-metric relations. Each shape corresponds with a unique musical note 
where is assigned to the cube as C, the small triangular prism as D, the rectangular 
prism as E and the other prism as F. The volumetric relationship between shapes 
identifies metric relations of musical notes that assigned to each block. While volume 
of the cube is half of the rectangular prism, the length of the sound in the rectangular 
prism is relatively double time long according to the volumetric size. Therefore, it 
provides the connection between the audial and visual quantities. For a further 
situation, musical notes are thought with accidental signs that change their sharpness 
or flatness and these notes are assigned again by taking into consideration of the 
volumetric relationship. 
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Another main movement in the example is the repeat of adding blue cubes. Hereby, 
the repetition occurs in two different ways. One is adding a block to the platform and 
the other is touching to the block without movement. Therefore, the repetition is 
defined as another parameter that changes the flow of the process. 
The system is not supposed to create such precise melodies as it is seen in the 
diagrams. The system triggers by touching and every single touch means creating 
sounds, which synchronously recorded by the platform. So that, to make certain 
combinations and in both physical and audial requires making predictions and 
developing strategies before each step as in chess. This is envisioned to enhance 
children’s problem-solving skills. On the other hand, experiencing the failures is seen 
to enhance their encountering with error-trial methods in a didactical way as 
Montessori (1909) also mentions. 
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For the final product, two different situations might be mentioned. Without any 
movements of blocks, upon the final pattern, it is possible to use blocks as three-
dimensional piano just only with touching a live time process. On the other hand, 
recording sounds gives the opportunity to see the process and arrange the location or 
movements of the blocks. Therefore, each final product has a potential to act as a 
musical instruments. 
4.3 Further Studies 
The produced system with blocks is also suggestable for blind children to develop 
their sensorial perception. Once they feel the block from the contour of the 
geometries and the sound that reveals from the geometry, later blind children are able 
to recognize geometries from the sound. The system is possible to be acceptable as a 
geometric braille with the sound guidance while they can create synchronous 
physical combinations by hearing. Using hand gestures provides children to 
understand the geometric properties corresponding with the sound. By doing so, 
remembering the block with that sound and making the correlation between them 
occurs. Therefore, synesthesia that is imitated in the proposed system is considered 
supportive for blind children to provide the relationship between art and sensations. 
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5.  CONCLUSIONS  
The research aims to create a multi-sensorial environment that children can spatially 
experience tactile, visual and audial properties in the interaction. The proposed 
system is designed as children can easily reach the tool and adapt to the activity. At 
this point, blocks such as Froebel’s are considered as the medium to provide the easy 
access to the tool. The perception of different patterns, colours and shapes visually 
engage children’s attention to the activity and they begin to collect things to their 
knowledge store.  
Through the research, multi-sensory integration is seen significant in order to 
enhance children’s cognitive abilities. To create a multi-sensorial environment, the 
proposed system is considerd to imitate synesthesia, which means synchronously 
perceiving multiple senses. While they use their hand-mind coordination, the system 
also provides the interaction with the musical properties to develop their auditory 
perception and musical abilities. Using their visual and audial abilities is considered 
as significant from the angle of children’s sensorimotor development.  
During the activity, drawing up strategies and reaching the goal that they aimed is 
significant. However, the use of trial-error and solving problems provide to reach 
their goals and reveal them being individuals in their own environment. On the other 
hand, collaboration with other individuals is crucial to enhance their communication 
and prove themselves in the community. Exchange of ideas and collective movement 
encourages taking risks; therefore they feel ready to encounter new trials without any 
prejudices.  
As production technology of the proposed system, DIY systems are considered 
which provide producing things on one’s own. Reconsidering “low threshold” of 
Myers (2010), the lightweight of the product, manufacture as movable kits, easy to 
install, open source, and the low-budget, are significant for the dissemination of the 
use and development of the system. Therefore, different alternatives can be carried 
out of as the workshop areas. In a further context of the study, independent 
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workshops are possible to be organized for children by considering possibilities of 
existing institutions that are planned to be in co-operation where the workshops take 
place in a predefined period. 
In the study, public spaces, such as museums and cultural centers are considered in 
the context of openness and diversity in experiences. In this type of public domains, 
although art and technology are mostly used as combinations to enrich the 
experience, it is observed to be limited to superficial tools with their only informative 
purpose. This study is possible to be forseen as a pioneer from the angle of providing 
the three-dimensional synesthetic interaction with the objects.  
For further researches, the system is possible to declare with other situations. In the 
initial years of architectural design education, several intermediary workshops are 
conducted to practice the design with different disciplines and make personal 
correlations with spatial properties. Considering my own undergraduate study at 
Istanbul Technical University, these workshops were generally in dualistic subjects 
such as music and space or dance and space. By creating such atmospheres, the space 
is reconsidered through music, dance, or other disciplines. Therefore, the 
interpretation ability is developed with other sensitivities. The research is possible to 
consider from this point of view as a very first step that prepares a ground for gaining 
a multi-sensory approach and improving children’s spatial recognition. On the other 
hand, using hand-mind correlation is possible to improve learning abilities by 
children’s hand gestures. Further, this may lead improving their visual-spatial ability 
and making interpretations in physical modelling in the beginning phase of the 
design in architectural education. 
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